Chironomus f. l. plumosus larvae, a valuable food of bream (Abramis brama (L.)), dominate in the benthos of the extra-littoral zone of the shallow, lowland, eutrophic Zegrzyński Reservoir. Bream is the dominant fish species in this reservoir, making up to 80% of total net catches. During eight years of studies, very regular Chironomus population dynamics were noted in the lotic part of the central, broad basin of the reservoir. There were usually two peaks of the abundance: the higher one in spring, and the much lower one in late summer. reservoir in particular years. The total bream catch per year in the reservoir studied also correlated positively with the average yearly abundance of Chironomus. The correlation between Chironomus abundance and bream occurrence (measured by commercial net catches) in the reservoir studied suggests that this environment is used by bream mainly as a feeding ground. In the years with a low spring Chironomus peak of abundance, the bream leave the reservoir, searching for food in its inflows -two large, lowland rivers. This corresponds to much lower catches noted in the reservoir in the years of low Chironomus abundance.
INTRODUCTION
Chironomus f.l. plumosus larvae (Diptera: Chironomidae) and the codominant Oligocheta (mostly Tubificidae) are the main components of the benthos in eutrophic dam reservoirs. They are very important in the circulation of matter, and as food for fish in eutrophic water bodies (Wiśniewski 1978 , Sokolova 1983 , Armitage et al. 1995 , Prus and Wiśniewolski 2005 . Benthic invertebrates of these groups attain extremely high numbers and biomass in shallow, eutrophic dam reservoirs. This phenomenon is caused by the lack of permanent oxygen depletions (guaranteed by wind-mixing and water flow) and by constant food supply (sedimenting tripton, brought by the rivers feeding the reservoirs) (Dusoge et al. 1985 , Bubień 1989 , Kajak and Prus 2003 . However, large fluctuations of Chironomus abundance in shallow dam-reservoirs and lakes are observed on seasonal and year-to-year time scales (Sokolova 1983 , Armitage et al. 1995 , Kangur 1989 , Kajak 1997 , Nakazato and Hirabayashi 1998 , Kajak and Prus 2003 .
For many years after the construction of reservoirs, the fish stock composition in lowland, eutrophic dam reservoirs undergoes a series of predictable changes, leading to the strong domination of common cyprinid fish species, such as bream (Abramis brama (L.), white bream (Abramis bjoerkna (L.)), and roach (Rutilus rutilus (L.)) (Wiśniewolski 2002) . Bream is the largest species of this group, and it is usually widely exploited by anglers and in commercial net fishing (Wiśniewolski 2002) . The main feeding resource for bream in lowland reservoirs is the abundant benthos, which is usually dominated by Chironomids (Terlecki et al. 1990 , Brylińska 2000 , Prus 2006 .
The objective of this study was to verify if there is a dependence between the Chironomus f.l. plumosus abundance in the main, broad part of the large, lowland, eutrophic Zegrzyński Reservoir and bream occurrence in this environment, measured by the magnitude of the commercial net catches of this species.
MATERIALS AND METHODS

Study area
The Zegrzyński Reservoir (Fig. 1) is one of the largest dam-reservoirs in Poland (33 km 2 surface area). It was built in 1962 on two big lowland rivers (the Bug and Narew rivers). The reservoir is highly eutrophic, shallow (average depth -3.5 m, maximum depth -9.0 m), and polymictic. Its water retention averages 15 days. As the Zegrzyński Reservoir has been the subject of many studies, its general characteristics, chemistry, temperature, water flow, plankton, benthos, and fish have been described in a number of papers (e.g., Dusoge et al. 1985 Dusoge et al. , 1990 Dusoge et al. , 1999 Bubień 1989; Kajak and Dusoge 1989; Kajak 1990; Sych 1997; Wisniewolski 2002; Kajak and Prus 2003) .
In Zegrzyński Reservoir, bream is the main component of net catches and comprises from 60 to 80% of the total catch weight (Wiśniewolski 2002) . The main food resource for bream in this reservoir is an abundant Ch. f.l. plumosus population in the middle, broad part of the reservoir, which has a flat, muddy bottom, and another, smaller Chironomid species, numerous in near-shore zones and in the river mouth (Dusoge et al. 1985 (Dusoge et al. , 1990 (Dusoge et al. , 1999 Kuklińska 1989 Kuklińska , 1992 . Chironomids constituted from 50 to 100% of adult bream gut contents in this reservoir, while Oligochaeta were found less frequently (Terlecki et al. 1990 ). : 1982, 1984, 1992, 1993, 1996, 1997, 1999, 2000) situated in a lotic part of the main reservoir basin (5 m depth) is marked with a black square. The additional site (for the year 2003) in a stagnant part of main basin (3 m depth) is marked with an open circle.
Methods
During the vegetative seasons (April-May till September-October) over eight years (1982, 1984, 1992, 1993, 1996, 1997, 1999, 2000) , benthos samples were collected with a Kajak core sampler (Kajak et al. 1965 ) every 1-4 weeks at a site (5 m deep) located in the lotic part of the main basin of Zegrzyński Reservoir (Fig. 1) . For more details about the sampling procedure, see Kajak and Prus (2003) . Benthos samples were also collected in 2003 at two sites: 1) the previously described long-term study site; 2) a site located in a stagnant part of the main reservoir basin (3 m deep), about 1 km southwest of the first site (Fig. 1) .
Field experiments on benthos exploitation by fish were also performed (in 2000 and 2001) at the first study site. The experimental method was based on the exposure of undisturbed cores of bottom sediments (taken with a Kajak core sampler at the same site) in stands located 0.7 m above the bottom surface (in order to minimise immigration of invertebrates from the nearby bottom, and to avoid the influence of some oxygen depletions on the bottom surface). Some cores were protected against fish penetration (they were covered with a net of 5 mm mesh size at the mud surface), and others were left accessible to fish (uncovered). The Chironomus exploitation by fish was calculated, based on the difference between their numbers in covered and uncovered cores after three weeks of exposure in the reservoir, on the one hand, and their numbers and biomass in the nearby bottom, on the other (for more details, see Prus 2006) .
The data on the daily water inflow to the Zegrzyński Reservoir, and on chlorophyll a content in water were obtained from the Institute for Meteorology and Water Management (see also Kajak and Prus 2003) .
Data on bream net catches were obtained from long-term statistics of commercial catches gathered in the form of questionnaires by the Inland Fisheries Institute. The information about catches of particular fish species has been registered continuously in a fishery database since the construction of the reservoir. For further analyses, the data on bream catches for eight years (1982, 1984, 1992, 1993, 1996, 1997, 1999, 2000) , when benthos samples were collected, were chosen. Net fishing in the reservoir was done by professional fishing crews employed by the Polish Angling Association (the fishery user of the reservoir). For bream catches, mainly gill nets were used and the total fishing effort was comparable during all the years considered in this study.
The mean annual numbers of Chironomus f.l. plumosus were used to calculate the correlation with total annual bream commercial catches. Larval biomass would be probably a better indicator of their real abundance; however, the long-term data on numbers were the only available ones. In the shallow, relatively warm Zegrzyński Reservoir, Chironums larval development is very fast (up to 3-4 weeks under optimal conditions in spring), and during the vegetation season three to four generations are usually produced. Furthermore, except for the time of the spring peak of Chironomus abundance (May-June), larvae of different sizes occur simultaneously (Kajak and Prus 2004) . Under such circumstances, the mean annual number of larvae seems to be a good indicator of their real abundance in a given year.
RESULTS
Both peaks of Chironomus f.l. plumosus abundance observed at the study site, correlated positively with bream net catches in the reservoir studied in particular years, but higher bream catches were noted during the second, lower Chironomus peak than during the higher spring one (Fig. 2) . In the years with a low spring Chironomus peak of abundance, bream catches were much lower throughout the vegetative season than in the years with a high spring peak of Chironomus abundance, despite the lack of substantial differences in Chironomus numbers during the summers of the years compared (Fig. 2) .
Significantly higher mean annual Chironomus numbers were registered in 1982, 1984, and 1992, than in 1993, 1996, 1997, 1999, and 2000 , which corresponded to higher bream net catches in the first set of years than in the second (Fig. 3) .
The total bream catch per year in the Zegrzyński Reservoir correlated positively with the average yearly Chironomus abundance (r 2 = 0.628). The rise of total annual bream catch from a range of 5-7 to a range of 12-16 kg ha -1 was observed in the years with a mean annual Chironomus abundance greater than 6000 ind. m -2 . This value can therefore be viewed as a threshold Chironomus mean yearly abundance for low and high bream catches in the reservoir studied (Fig. 4) .
In the field experiment, high Chironomus exploitation by fish was noted in June (about 2.0 tons ha -1 month -1 ), July (2.5 tons ha -1 month -1 ), and August (3.0 tons ha -1 month -1 ), while in May and September exploitation was ten times lower (0.2 -0.3 tons ha -1 month -1 ) (Fig. 5) . Such a high exploitation rate during summer was probably the main reason for the summer minimum of Chironomus numbers, and for lower values of the summer peak of Chironomus abundance, as compared to the spring one (see Fig. 2) . Surprisingly, bream net catches were usually lower in summer (when the exploitation of Chironomus by fish was the highest) than in spring or fall (Fig. 2) . This could, however, be caused by lower fishing effort during summer because of shorter nights (nets are deployed at night) and high tourist and angling pressure (making it impossible for commercial fishermen to use nets in some parts of the reservoir).
A similar pattern of dynamics in Chironomus f.l. plumosus populations was noted in research conducted in the year 2003 at two sites located in a lotic and stagnant part of the Zegrzyński Reservoir main basin. At both sites, spring and fall peaks of abundance occurred, separated by the summer minimum. The spring peak of abundance was almost fourfold higher at the site located in the lotic part than in the stagnant one, but during the summer and fall Chironomus numbers were almost identical at both sites (Fig. 6) . A very similar pattern of Chironomus population dynamics at the same sites was also noted in 1984 (Dusoge 1989) . This indicates that, during summer and fall, feeding conditions for bream (which consume mainly chironomids) are similar throughout the main reservoir basin (see Fig. 1 ), while, in spring, much higher food concentrations can be found in its lotic part (along the west and north shore).
The question of factors and mechanisms leading to different Chironomus abundance observed in the Zegrzyński Reservoir in particular years was the subject of previous study (Kajak and Prus 2003) . Water flow intensity in April and May was found to be a main factor determining the level of Chironomus spring peak abundance (Fig. 7 , Kajak and Prus 2003) . In 1996 and 1999, when spring water inflow was very high (exceeding 600 m 3 s -1 day -1 ) and lasted to the end of May, the spring peak in Chironomus numbers was extremely low (below 10 thousands ind. m -2 ). Chironomus numbers observed during the rest of the vegetation season in these two years were also very low, rarely exceeding 1000 ind. m -2 (Fig. 7) . Bream net catches in 1996 and 1999 were also among the lowest of all years studied (Fig 2) , which corresponds to low Chironomus numbers in these years, especially during spring. Fig. 6 . Chironomus f.l. plumosus abundance at the long-term study site (lotic part of the reservoir, depth 5m) and on an additional site (see Fig. 1 ) located in the middle of stagnant part of the main reservoir basin (depth 3 m). The data for vegetative season of the year 2003.
DISCUSSION
In shallow lowland dam reservoirs the highest production is usually exhibited by benthic invertebrates (Gak et al. 1972; Dusoge et al. 1985 Dusoge et al. , 1990 1999; Galicka et al. 1990; Żytkowicz et al. 1990; Kajak 1998 ; JurkiewiczKarnkowska 2002; Jurkiewicz-Karnkowska and Żbikowski 2004; Prus et al. 2006) . High benthos productivity is one of the reasons for the strong domination of common cyprinid, mainly benthofagous fish species, like bream, white bream, and roach (Wiśniewolski 2002) . However, a lowland reservoir is not a "closed" environment; fish can usually migrate between the reservoir and the river on which it is constructed (at least, they can move to some stretch of the river upstream from the reservoir). So, in the event of unfavourable feeding or/and oxygen conditions in a reservoir, fish can migrate to a river upstream. Fish can also migrate from a river to a reservoir when feeding and/or temperature conditions are better in this deeper, stagnant environment. In the Zegrzyński Reservoir such migrations between the reservoir and two large rivers feeding it (the Bug and Narew rivers) are possible, even for a distance of over 100 km, because of the absence of impoundments, or other obstacles to fish migration, on long stretches of these rivers upstream from the reservoir. These migrations are probably the main mechanism responsible for varying abundance levels of bream (reflected in varying levels of net catches) in the reservoir studied in particular years.
The number and biomass of Chironomus f.l. plumosus in the Zegrzyński Reservoir are among the highest recorded with values periodically exceeding 80000 ind. and reaching up to 1 kg biomass (fresh weight) per m 2 . In the extralittoral part of the Zegrzyński Reservoir, chironomids (mainly), Ch. f.l. plumosus, with less numerous Glyptotendipes, e.g. gripecoveni and Procladius sp.) are, together with Oligochaeta, the main components of the benthic biomass (Dusoge et al. 1985 (Dusoge et al. , 1990 (Dusoge et al. , 1999 Kuklińska 1989 Kuklińska , 1992 Kajak 1997; Kajak and Prus 2003) .
Chironomus f.l. plumosus abundance was examined for nine years (in the 1982-2000 period) in the central, broad basin of Zegrzyński Reservoir. A very regular pattern of seasonal population dynamics was noted. After a high spring peak of abundance, Chironomus numbers drop to several hundred ind. m -2 in mid summer. They then rise again to form a second, lower peak in late summer. This pattern of population dynamics is repeated in consecutive years, but larval numbers at the time of the spring peak of abundance vary several times (sometimes even more than tenfold) in different years (Kajak and Prus 2003) . Chironomid larvae and pupae are the main components of the bream diet in Zegrzyński Reservoir (Terlecki et al. 1990) , and Ch. f.l. plumosus, as the largest and dominating representative of this group in benthic communities, is undoubtedly the favored food for this fish species.
This raises two questions: 1) what is the cause of such differences in Chironomus numbers and biomass in the same environment? and 2) how do such fluctuations influence the main consumers of Chironomus in the reservoiri.e. benthofagous fish? Some probable answers for the first question were proposed in a previous paper (Kajak and Prus 2003) . The second question was the subject of the present study.
Circumstances described above permit formulating the hypothesis that high Chironomus abundance in the Zegrzyński Reservoir may prompt the aggregation of bream in this environment, while low Chironomus numbers, and -as a consequence -low biomass in the reservoir bottom, will lead to fish migration upstream to the Bug and Narew rivers. Some evidence supporting this hypothesis is reported in the present study and is based on data regarding Chironomus abundance in the lotic part of the main basin of the Zegrzyński Reservoir. The data was gathered over eight years based on commercial net bream catches in the reservoir.
Both peaks of Chironomus f.l. plumosus abundance, observed at the study site, correlated positively with bream net catches in the reservoir studied in particular years, but higher bream catches were noted during the second, lower Chironomus abundance peak than during the higher spring one. This phenomenon was probably caused by much higher Chironomus exploitation by fish (mainly bream) in summer than in spring. This was noted in a field experiment (Fig. 5, Prus 2006) . This high exploitation, exceeding 2000 kg ha -1 month -1 (fresh weight), resulted in much lower Chironomus numbers observed in this period in the reservoir. Such high values of exploitation are, however, possible only after the high spring peak of abundance, which creates a base for further recruitment of new Chironomus generations. The generation time of Chironomus f.l. plumosus in the reservoir studied was estimated to be about 3-4 weeks in spring and summer (Kajak and Prus 2004) , so the production rate is very high . Thus, the high exploitation rate by fish (up to 80% of Chironomus numbers; Prus 2006) did not result in the extinction of the population.
The total bream catch per year in the Zegrzyński Reservoir was also positively correlated with the average yearly Chironomus abundance. Since the main factor determining these mean yearly abundances is the height of the spring peak in numbers, it could be assumed that this phase of Chironomus population dynamics is crucial for the "attractiveness" of the reservoir as a feeding ground for bream in a given year. This raises the question about the causes of such great differences in the spring peak in Chironomus abundance in particular years. Such year-to-year differences are observed in different water bodies (Jonasson 1977 , Sokolova 1983 , Toderaš 1984 , Kajak 1987 , Kangur 1989 , Linedegaard et al. 1993 , Wolnomiejski 1994 , Armitage et al. 1995 , Kangur et al. 1998 . The possible explanation of this phenomenon in Zegrzyński Reservoir was reported in a previous study (Kajak and Prus 2003) , in which a negative correlation between spring peak abundance and water inflow to the reservoir in April-May (during the last four weeks before the peak appearance of Chironomus) was noted (see Fig. 7 ). The mechanism of the influence of high water flow on Chironomus population can be direct -by washing out the upper mud layers with eggs and young larvae, or by covering the bottom with a thick layer of sediment brought into reservoir by rivers. It can also be indirect through the dilution of phytoplankton concentrations in river waters reaching the reservoir. Phytoplankton sedimenting onto a reservoir bottom is a favorite food for Chironomus. The diatoms that, in spring, constitute a major proportion of the phytoplankton in rivers feeding Zegrzyński Reservoir (Bubień 1989 ) exhibit a very high nutritive value, because of high concentrations of unsaturated fatty acids (Johannson and Beaver 1983 , Rasmussen 1984 , Goedkoop and Johnson 1996 , Ahlgren et al. 1997 , Goedkoop et al. 2000 . A continuous supply of sedimenting tripton, rich in diatoms, is probably the main cause of the high numbers of Chironomus observed during the spring peak. These numbers were higher in the lotic part of the reservoir main basin than in the stagnant one (Dusoge 1989, see also Fig. 6) .
A positive correlation between spring peak numbers of Chironomus and phytoplankton abundance (measured by chlorophyll a concentration), as well as a very strong negative correlation between chlorophyll concentration and water flow, was noted for the spring period (Kajak and Prus 2003) . This indicates that the basic, abiotic factor determining the height of the Chironomus spring peak abundance is the water inflow to the Zegrzyński Reservoir during the last few weeks before the appearance of the peak. Therefore, this basic physical factor -the water inflow rate in spring -is crucial for the feeding resources for bream in the reservoir in a given year. In consequence, this factor may also be decisive for the aggregation of the bream population in the reservoir, or its dispersal into the Bug and Narew rivers.
The correlation between Chironomus abundance and bream occurrence (measured by net catches) in the main basin of the reservoir studied suggests that this environment is used by bream mainly as a feeding ground. After spawning, which takes place in May, mainly in the mouths of the inflowing rivers, and in the near-shore zone of the reservoir, fish aggregate in the central, broad part of the reservoir, where the availability of preferred food is at its highest during the period of high Chironomus abundance (the end of May and June). This results in very high Chironomus exploitation rates, noted in the summer, and high net catches. In the years with a low spring Chironomus peak of abundance, caused by environmental factors (high water flows and low phytoplankton concentrations in spring), bream leave the reservoir, searching for food in its inflows of the two large, lowland rivers (the Bug and the Narew). This corresponds to much lower catches noted in the reservoir in the years of low Chironomus spring abundance.
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